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Elijah Lovelace - BIOST 
Dean’s Day Abstract 

Title: Analysis of Post-Secondary Bound High School Graduation Rates in Pennsylvania Public 
Schools 

Abstract: High school graduation rates have been increasing statewide in Pennsylvania in recent 
years. However, the rate of these graduates attending any form of post-secondary education 
remains inconsistent across the state and even within districts. This thesis analyzes the 
relationship between a school’s post-secondary bound graduation rate and the distribution of 
the race and socioeconomic status of the student population. In addition, this thesis analyzes 
the effectiveness of public charter schools compared to non-charter public schools. In order to 
quantify and test these relationships for statistical significance, we developed a longitudinal 
regression model relating demographic covariates and other school characteristics to multiple 
post-secondary bound graduation rates. In addition, we also utilized machine learning 
clustering techniques to categorize schools on student demographic data distributions and 
model the differences in post-secondary bound graduation rates between these groups. Results 
are still being calculated but we expect to be able to identify and quantify any significant 
discrepancies in post-secondary bound graduation rates from the results of our models. We 
hope to use these results to guide intervention efforts as well as identify any schools that are 
outliers to the trend for more detailed investigation.  



Group Sequential Analysis for Sequential Multiple Assignment Randomized Trials 

Liwen Wu, Junyao Wang, Abdus S. Wahed 

Department of Biostatistics, Graduate School of Public Health, University of Pittsburgh 

Sequential multiple assignment randomized trial (SMART) facilitates simultaneous comparison of 
multiple adaptive treatment strategies (ATSs), where patients are sequentially randomized to 
treatments given the response to their own treatment history. Previous studies have established a 
framework to test the homogeneity of multiple ATSs by a global Wald test on the inverse probability 
weight-normalized estimators. SMART trials are generally lengthier than classical clinical trials due to the 
sequential nature of treatment randomization in multiple stages. Thus, it would be beneficial to add 
interim analyses allowing for early stop if overwhelming efficacy is observed. We extend the traditional 
group sequential methods to SMARTs and propose a method to perform interim analyses based on an 
approximation of bi-variate chi-square distribution. Simulation studies demonstrate that the proposed 
method maintains desired type I error and power with reduced expected sample size. Lastly, we apply 
our method to real data from a SMART trial assessing the effects of cognitive behavioral therapy and 
physical therapy in patients with knee osteoarthritis and comorbid subsyndromal depressive symptoms. 



The linear model has been widely used in epidemiology to model the relationship between 
maternal exposure and fetal/infant outcome. When researchers suspect curvilinear relationship 
exists, some nonparametric techniques, including regression splines, smoothing splines and 
penalized regression splines, can be used to model the relationship. Applying these 
nonparametric techniques, researchers can relax the assumptions of linear model and capture 
more shapes underlying the data other than linearity. In this paper, we focus on the regression 
spline technique and develop a method to help researchers select the most suitable shape to 
describe their data among increasing, decreasing, convex and concave shapes. The method is 
developed using mixed effect regression spline. We illustrate the method using a state-wide 
prenatal screening program data set. 

Qing Yin - BIOST - Shape Detection Using Semi-parametric Shape-
Restricted Mixed Effect Regression Spline with Application on State-Wide 
Prenatal Screening Program Data
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Summary: In neoadjuvant trials on early stage breast cancer, patients are usually randomized into a 

control group and a treatment group with an additional target therapy. Early efficacy of the new regimen 

is assessed via the binary pathological complete response (pCR) and the eventual efficacy is assessed via 

a long-term clinical outcome such as survival. Although pCR is strongly associated with survival, it has 

never been confirmed as a surrogate endpoint. To fully understand its clinical implication, it is important 

to establish causal estimands such as the causal effect in survival for patients who would achieve pCR 

under the new regimen. Under some mild conditions and the principal stratification framework, current 

works specify a model for a counterfactual response given observed data and draw conclusions on the 

causal estimand via sensitivity analyses by varying values of the model parameters (Shepherd et al., 2006). 

Here we propose to estimate those model parameters and subsequently the causal estimand using the 

empirical data under the same assumptions. The proposed method is applied to a recent clinical trial and 

its performance is evaluated via simulation studies. 
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ABSTRACT  

Droplet-based single cell transcriptome sequencing (scRNA-seq) technology, largely represented 

by the 10X Genomics Chromium system, is able to measure the gene expression from tens of 

thousands of single cells simultaneously. More recently, coupled with the cutting-edge Cellular 

Indexing of Transcriptomes and Epitopes by Sequencing (CITE-seq), the droplet-based system 

has allowed for immunophenotyping of single cells based on cell surface expression of specific 

proteins together with simultaneous transcriptome profiling in the same cell. Despite the rapid 

advances in technologies, novel statistical methods and computational tools for analyzing multi-

modal CITE-Seq data are lacking. In this study, we developed BREM-SC, a novel Bayesian 

Random Effects Mixture model that jointly clusters paired single cell transcriptomic and proteomic 

data. Through simulation studies and analysis of public and in-house real data sets, we 

successfully demonstrated the validity and advantages of this method in fully utilizing both types 

of data to accurately identify cell clusters. In addition, as a probabilistic model-based approach, 

BREM-SC is able to quantify the clustering uncertainty for each single cell. This new method will 

greatly facilitate researchers to jointly study transcriptome and surface proteins at the single cell 

level to make new biological discoveries, particularly in the area of immunology.  
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